The fresh food industry is plagued with a large percentage of waste and significant food safety issues in its supply chain. About one-third of fresh produce goes to waste because of improper sanitary, temperature and RH handling. Similarly, in the US there are, annually, approximately 76 million incidents of food poisoning, 325,000 hospitalizations and 5,000 deaths with direct economic cost of over USD $ 35 billion. A number of technologies have been developed to deal with waste and food safety risks, e.g., data loggers, gas chromatographs, and pathogen detection devices (e.g., 3M Molecular detection System). Unfortunately all such devices are independent of each other, fragmented in their data stream, and prevent decision makers from having a full view of risks associated with the consumption of perishable goods. To overcome such deficiencies, the Xsense 
INTRODUCTION
Today, the problem of food losses is of great concern to the world economy and its possible adverse consequences to the world environment. Hoppough (2006) reported that annual global waste of perishable items due to improper handling and temperature abuse during transit is estimated at USD $ 35 billion. Similarly, the Center for Disease Control and Prevention (CDC) in the United States estimated an annual 76 million incidents of food poisoning, 325,000 hospitalizations, and 5,000 deaths with direct economic cost of over USD $ 35 billion (Kimery, 2010) . The approximate waste percentage of perishable goods in the food supply chain, due to improper postharvest handling, storage and transport, varies across the globe. Country (geographic area) specific conditions also influence losses to a large extent (Table 1; as reviewed in FAO, 2011, Report on Global Food Losses and Food Waste) . Besides that, food losses represent a waste of resources used in production such as land, water, energy and inputs. Producing food that will not be consumed leads to unnecessary CO 2 emissions on top of a loss of economic value of produced food. Furthermore, Hailes (2008) reported that wastage of fresh produce contributes significantly to carbon footprints. James et al. (2010) reported that cold chain accounts for about 1% of CO 2 production in the world and this possibly will rise if global temperatures continue to increase. Current or emerging technology and programs can assist in minimizing risks for quality, food safety and wastage in fresh produce supply chains. However, the key to successfully minimizing risks is an integrated systems approach (Fig. 1 ) that combines different factors -shelf life extension programs, products, and services; end-to-end data communication in real-time for cold chain monitoring and management; and analytics of gathered data for risks preemption, postmortem programs and services benchmarking, efficacy evaluation, and emerging risks' trends reporting.
SHELF LIFE EXTENSION PROGRAMS

Pre-Cooling
The act of removal of field heat after harvest but before processing is a prerequisite condition for maintaining preharvest quality, the retardation of ripening, ethylene production, water loss, restricting metabolic (enzymatic) activities, hampering growth of decay/rot causing microorganisms and senescence of fresh produce (Fricke, 2006; Becker et al., 1996) . After harvest, with minimum delay as possible, fresh produce must be precooled to their storage and/or transport temperature. Pre-cooling can be accomplished by different methods, including air/room cooling, forced-air (tunnel) cooling, hydro-cooling, vacuum cooling and package/contact icing. Depending on the method of pre-cooling, the produce heat is rapidly transferred to a cooling medium (i.e., air, water or ice) by conduction and/or convection (Fricke, 2006; Becker et al., 1996) .
Modified Atmosphere Packaging (MAP) and Controlled Atmosphere Packaging (CAP)
MAP is a technique of altering internal atmosphere of a closed gas permeable package/bag through the respiration of fresh produce in order to extend the shelf life (Ben-Tzur et al., 2010; Mir et al., 2004; Artĕs et al., 2006) . MAP alters the relationship between CO 2 and O 2 concentrations inside packaged produce items thereby reducing the produce's respiration, ethylene production rates, softening and also microbial spoilage (Ben-Tzur et al., 2010; Saranraj et al., 2012; Barkai-Golan, 1990 ). Besides, numerous new MAP methods have been developed with introduction of actively releasing antimicrobial agents inside packages (Saranraj et al., 2012) . CAP is similar to MAP in that it maintains elevated CO 2 and low O 2 concentrations inside packages to extend shelf life of the produce, but it utilizes gas impermeable packages. Thus continuous monitoring and adjustment of the gases levels within the packages or gas tight containers and stores (in case of CA storage) are indispensable.
Techniques to Control Microorganism
Common practices used to control and reduce microorganisms in fresh produce after harvest are washing and disinfection (Ben-Tzur et al., 2010) . These are aimed to minimize risks of postharvest spoilage and threats associated with human pathogens. Different technologies developed to control microorganisms in fresh produce industry can be grouped into thermal (hot) and non-thermal methods. Thermal techniques include treatments with hot water, steam and sanitizing solution. Non-thermal methods include physical (high pressure, irradiation, UV light and others) and chemical (ozone, chlorine, chlorine dioxide, hydrogen peroxide and others) techniques. Chlorinated water is the most common and widely used chemical method in the fresh produce industry (Saranraj et al., 2012) .
Packaging
Appropriate packaging is extremely crucial in the postharvest handling, transport and marketing of fresh produce. Each fresh produce item has its own requirements for temperature, humidity and gas composition, so selection of packaging should be done with utmost care. Some important considerations for selecting suitable packaging for maintaining postharvest quality of the produce and reducing wastage include: (1) the package must provide for chemical (from light, moisture and different gases), biological (from microorganisms), and physical (from crushing and vibration shock) protection. To minimize possible mechanical damage, it should have enough stacking strength to sustain conditions of low temperature and high humidity, (2) the package must have sufficient vents or holes for proper ventilation and cooling of the produce, (3) the package must hold the produce in quantities and weight that is convenient to handle, distribute and transport and (4) the package must be easily identifiable and provide crucial information pertinent to produce cultivar, grade, size, shippers, etc.
Temperature and Relative Humidity Control
It is crucial to keep fresh produce under optimal temperature and relative humidity (RH) regimes to minimize risks to quality and safety, and minimize waste. Numerous types of fresh produce, if exposed to temperatures below recommended temperatures but above freezing temperatures, are susceptible to typical chilling injury. In addition, produce exposure to freezing temperatures that varies depending on the soluble solids content (SSC) of the fruit will result in freezing damage. Both chilling and freezing injuries decrease the quality of fresh produce and reduce their residual shelf life. Thus this leads to increased wastage. On the other hand, exposure of produce to temperatures above optimal may result in increased risks to quality and safety as high temperatures will result in rapid degradation of produce and can potentially augment development of spoilage microorganisms and plant pathogens. Deviations from recommended RH conditions also result in increased wastage. The RH conditions below the optimal level result in water loss and shriveling while the RH above recommended range increase risks of decay/rot development. The degree of water loss depends on the vapor pressure deficit (VPD) that is a function of temperature and RH. Usually fresh produce is stored at RH between 90-95% (Ben-Tzur et al., 2010).
DATA COMMUNICATION IN REAL TIME FOR COLD CHAIN MONITORING AND MANAGEMENT
Traditional methods of monitoring temperature and RH can be broadly divided into contact temperature and non-contact temperature devices. In the case of contact temperature devices, the measuring probe needs to be in contact with the monitored produce itself whereas the non-contact monitoring device does not touch the produce and thereby may consist of strip chart recorders, data loggers with programmable functions and others (Ben-Tzur et al., 2010) .
Over the years advancements in technology changed the way we see our world and the way we act within it. One example of this technology development is the introduction of Radio Frequency Identification (RFID) technologies (semi-passive RF and active RF) that provide new opportunities for cold chain monitoring including the fresh produce supply chain for temperature, RH, GPS tracking, dew point and other data. In the case of semi-passive RF technologies, the data are gathered and captured by a sensor that acts as a communication mechanism for external devices, and the data are retrieved when the sensor is read by a reader. The difference between semi-passive and active RF technologies is that the active RF contains a battery which enables the logging of data and actively transmitting the data without any need of a reader. Active RF tags allow automatic monitoring of produce in real-time, provided that there is a receiver in the vicinity (Ben-Tzur et al., 2010). BT9's Xsense ® (www.bt9-tech.com) integrated active RF multi-segment mesh networking sensors technology is unique in its conceptual design and field application (Fig. 2) . In short, it is designed as a web-based, end-to-end, real-time monitoring system that has been discussed in detail by Ben-Tzur et al. (2010) . It utilizes disposable, cost effective active RF tags that measure temperature, RH, and dew point, and detects factors such as gas footprints of spoilage and pathogen microorganisms as well as other gases relevant to effective performance of MAP conditions, including the ripening agent ethylene, at fixed intervals. These tags which can be placed at any stage of the fresh produce supply chains, i.e., in field, orchard, during precooling, and inside MA/MH bags and rooms, CA rooms and in pallets during packing. Data are wirelessly RF transmitted from the tags to communication units (CU) and the tags may store data when there is no CU in the proximity. The data are relayed from the CU to BT9's Xsense ® server by either cellular modem or the internet and is then analyzed at the Xsense ® server (Fig. 2) . The Xsense ® technology has widespread application and can be used in land freight, sea freight, air cargo terminals, and storage and distribution sites. The unique features of the technology are as follows: It is programmed to provide all-inone integrated active RF multi-segment mesh networking sensors for real-time measurement of different critical parameters in fresh produce (e.g., temperature, RH, dew point, GPS tracking, gaseous detection -CO 2 , O 2 and ethylene, and spoilage and detection of pathogens and microorganisms); It provides complete traceability in realtime, even at pallet level, throughout the supply chain with ability to visualize and differentiate various stages of the cold chain; and it relays information in real-time so proactive measures can be taken to mitigate emerging quality and food safety risks.
ANALYTICS FOR DIFFERENT REPORTING
Data processing/analytics for different reporting are one of the advantages of the Xsense ® technology that distinguishes it from other traditional data loggers currently available in the market. Once monitored data from the CU is relayed to the Xsense ® server, it is processed automatically and generates different reports in real-time and postmortem (Fig. 3) . Examples of the Xsense ® salient analytics/reports are as follows:
Automatic E-mail and SMS Alerts
Whenever set thresholds of different data are breached, the system immediately notifies via e-mail and SMS, giving users the opportunity to take the corrective actions in real-time.
Cold Chain Logistic (CCL) Scoring System
The CCL score provides pattern of risk deduced from cumulative shipments as well as individual shipment/pallet. The CCL scoring system calculates cold chain logistics performance in terms of temperature maintenance and gives the process a score based on temperature conditions encountered by the produce and their related sensitivities to temperature. The score ranges from a perfect score of ten (10) to the lowest score of zero (0). Alerts can be automatically sent whenever those scores drop below an acceptable threshold, so stakeholders all along the cold supply chain can take pro-active actions to prevent spoilage and reduced shelf life. As BT9 integrated monitoring program provides a logistics score all the way down to the pallet level, all of the supply chain stakeholders (growers, shippers and retailers) can be made aware of the risks to the produce even at the pallet level. The score can assist companies with respect to a) benchmarking of rendered services in relations to logistics, b) cold chain and logistics performance to determine the efficiency of the supply chain, thereby highlighting areas that can be upgraded or improved, and c) reduce losses and improve returns on investments.
Pallets in Risk (PIR) Indicator
The PIR indicator also provides pattern of risk deduced from cumulative shipments as well as individual shipment/pallet. The indicator flags pallets in risk of either high or low (chilling and freezing) temperature and humidity conditions throughout the cold chain. The indicator is based on risk definitions as a function of temperature and humidity conditions met during the cold chain. PIR information in real-time is of great value to retailers, based on this information first they can manage their inventory deciding/prioritizing which pallets to deal first and second which pallets to sell in specific markets.
Benchmarking Reporting
Different benchmarking reports for shipment temperatures, RH and other information as well as comparisons of MAP/MH bags and room efficiency assist in determining the proficiency of fresh produce supply chain management and highlights areas that may need upgrading.
CONCLUSIONS
Minimizing risks for quality, food safety and wastage in fresh produce supply chains requires an integrated systems approach that includes shelf life extension programs, end-to-end data collection, communication in real-time for monitoring of important storage parameters (temperature, RH, different gases, and detection of spoilage and pathogen microorganisms), and analytics/reporting of gathered information for preemptive corrective measures in real-time as well as benchmarking of supply chain management systems. The Xsense ® technology provides a holistic approach to the mitigation of risks associated with quality, freshness, and food safety in the fresh produce supply chain. The Xsense ® CCL scoring system and PIR indicators in real-time enable different users and stakeholders in the produce supply chain to transform their inventory management from FIFO to FEFO. Figures Fig. 1 . An integrated systems approach to minimizing risks for quality, food safety and wastage in fresh produce supply chains. 
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